Background The use of a highly conforming, anteriorstabilized bearing has been associated with clinical success in a limited number of studies. Questions/purposes We compared Knee Society scores, radiographic results, complication rates, and revision rates with the use of anterior-stabilized bearings compared with cruciate-retaining (CR) bearings. Methods A series of 382 patients with 468 primary total knee arthroplasties (TKAs) between 2003 and 2008 with minimum 2-year followup were reviewed. Anterior-stabilized bearings comprised 49% (n = 228) of the sample and CR bearings consisted of 51% (n = 240). The decision to use an anterior-stabilized bearing was based on integrity of the posterior cruciate ligament (PCL) intraoperatively or after sacrifice of the PCL to achieve soft tissue balance. The tibial and femoral component designs were the same regardless of bearing choice. Outcomes were measured with Knee Society scores, complications, revision TKA, and survival.
Introduction
TKA is a reliable operation for reducing pain and improving function. This has largely remained true even in the face of multiple surgical approaches, a dizzying array of implant choices, and a multitude of perioperative care regimens. One of the ongoing debates concerns the management of the posterior cruciate ligament (PCL). The PCL is the primary restraint to posterior translation of the tibia throughout the full range of knee flexion, and it is believed to be the primary stabilizer of the knee [7] . There are a number of possible strategies for managing the PCL in TKA, including retention of the PCL or PCL substitution. Arguments have been advanced in support of retention or substitution based on theoretical, in vivo and in vitro Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. kinematic analyses, and clinical outcome data with very little consensus [20] .
Proponents of PCL retention (cruciate-retaining [CR]) assert that PCL retention preserves more normal knee kinematics, is associated with fewer patellar complications, reduces shear forces at the bone-tibial implant interface, and that the PCL has an important proprioceptive function [3, 6, 9, 15] . Despite these proposed benefits, retention is not always an option and substitution of the PCL may be either required or preferred. PCL substitution in primary TKA has traditionally relied on a cam and post (cam-post) mechanism in the form of a posterior-stabilized (PS) design. Short-and long-term evaluations of PS and CR knees have failed to show clinically significant differences in their outcomes [2, 11, 12, [17] [18] [19] [20] [21] .
In the past 20 years, the use of a highly conforming TKA bearing with an elevated anterior lip (anterior-stabilized) has emerged as an innovation for PCL substitution with favorable results in relatively few published reports compared with the existing body of literature on CR or PS designs [1, 8, 10, 14, 16] . Reported advantages for the use of the anterior-stabilized design include ease and speed of conversion to substitute for the PCL deemed incompetent or poorly balanced during the placement of a modular CR knee design, bone preservation resulting from the lack of need to resect intercondylar notch bone from the femur to accommodate the box of the PS design, eliminating campost impingement and the potential wear sequelae of that mechanism, further reducing the potential for patellar clunk, and potentially decreasing wear related to the high contact forces over small contact areas seen in flat-on-flat designs [8, 14] . Given these advantages and favorable published results, for nearly 7 years, we have used anteriorstabilized bearings exclusively when the PCL is deemed intraoperatively incompetent or unable to be balanced. Our anecdotal clinical observations have revealed no difference in CR knees and anterior-stabilized knees during this time period.
To more fully investigate the clinical performance of anterior-stabilized bearings as compared with CR bearings, we compared the Knee Society scores, radiographic results, complication rates, revision rates, and survival with the use of anterior-stabilized bearings compared with CR bearings.
Patients and Methods
After receiving exemption from the institutional review board, we reviewed a consecutive series of 914 TKAs in 741 patients. Four hundred thirty-two knees had less than 2-year minimum followup and were not included in this analysis; however, those who underwent revision TKA before the 2-year followup (n = 14 knees; 10 CR, four anterior-stabilized) were included in the analysis. Given that failure was determined after the variables were collected, we chose a cohort study design. Thirteen patients (14 knees) died before 2-year followup, maintaining the original TKA, and were excluded. Two patients (three knees) died after at least 2 years of followup, maintaining the original TKA, and were included in the analysis. No patients died as a result of their index TKA. This resulted in 382 patients with 468 knees for review. The data were analyzed at a minimum followup of 5 months (mean, 42 months; range, 5-181 months); followup periods of less than 2 years were permitted, again, only to allow us to capture early failures in both groups. No patients in the study group were lost to followup. All patients had undergone primary TKA with either an anterior-stabilized bearing (49%, n = 228) or a CR bearing (51%, n = 240) between 2003 and 2008. There were significantly more (p = 0.005) females (n = 305) than males (n = 163). The groups were comparable in regard to age, body mass index, and primary diagnosis ( Table 1) .
All TKAs were performed through a medial parapatellar approach with a single FDA-approved implant type (Biomet, Warsaw, IN, USA). The goal for coronal alignment was 5°valgus (anatomic axis) and 0°mechanical axis. The tibia cut was neutral to the mechanical axis in the coronal plane and with 3°to 5°of posterior slope using an extramedullary guide. An initial medial release of the deep medial collateral ligament to the midsagittal line of the tibia was performed as part of the initial exposure. After bone preparation with measured resection bone cuts (posterior referencing), the symmetry of the flexion and extension gaps was investigated with trial components in place. Further medial, lateral, and PCL selective soft tissue release was performed to achieve balanced rectangular gaps [13] . Once trial implants were placed, the PCL was evaluated for both competence and balance. With the knee at 90°of flexion and the appropriate thickness modular trial CR polyethylene component in place, the PCL was deemed intact and balanced with a negative posterior drawer test and a tibiofemoral contact point at the middle of the tibial bearing. If these conditions were not satisfied, the PCL was deemed either incompetent or excessively tight. If the PCL was deemed competent and balanced, a CR tibial bearing with inherent 3°slope was chosen as the bearing surface. If the PCL was deemed incompetent or overly tight (requiring subsequent PCL recession or release), an anterior-stabilized bearing with 0°inherent posterior slope and 9 to 11 mm anterior lip (size-dependent) was chosen as the bearing surface. All patients had the same postoperative regimen and followup schedule. Clinical outcomes were graded using the Knee Society Score (KSS), measured by clinicians other than the operating surgeon preoperatively, at 6 months and 1 year postoperatively and yearly thereafter. The last available KSS was used as the postoperative score for analysis. Radiographs were reviewed by the authors for assessment of the postoperative mechanical axis and radiolucent lines, according to the Knee Society Roentgenographic Evaluation System, at last followup. All 468 knees had preoperative, postoperative, and followup (6-week, 6month, and yearly) radiographs including standing AP, longstanding AP, lateral, and sunrise views. Records were reviewed for both surgical and nonsurgical complications.
Complications were identified by chart review, which was performed by an individual not directly involved in the care of the patients (MA). The indications for manipulation under anesthesia during the period in question included failure to achieve 90°of flexion by 6 to 8 weeks postoperatively as evaluated and measured by the senior author (CLP).
Indications for revision for instability during the period in question included well-fixed, well-aligned TKA components on radiographs with symptomatic instability plus a positive posterior drawer sign on examination by the senior author (CLP) with the knee at 85°to 95°of flexion.
Statistical Methods
Because more than one knee was used from the same patient for 86 patients, the assumption of independence between the observations on knees was questionable. To check this assumption, a mixed effects logistic regression was fitted with TKA revision as the outcome and treatment group (anterior-stabilized bearings versus CR bearings) as the predictor with knees nested within patients as the random effect. In this model, the intraclass correlation coefficient (ICC) was quite large (ICC = 0.75), and the likelihood ratio test for the ICC was statistically significant (p = 0.009), demonstrating that the independence between observations was not met. Therefore, a mixed effects modeling approach was used for all statistical comparisons, which correctly accounted for the lack of independence. Additionally, Kaplan-Meier survival analysis was performed with failures defined as revision TKA (including polyethylene exchange). A log-rank analysis test was performed to assess for differences in survival between the groups. Data were analyzed using commercially available statistical software (STATA 1 ; Statacorp, LP, College Station, TX, USA).
Results
Knee Society scores were comparable in the two groups (p = 0.29), and both groups improved after surgery. The mean improvement in KSS was 58 ± 53 in the anteriorstabilized group and 68 ± 50 in the CR group (Table 2) .
Radiographic review showed no difference between the groups with postoperative mechanical axis (p = 0.30) or postoperative anatomical axis (p = 0.98). The mechanical axis was 0°± 3°in the anterior-stabilized group and 0°± 3°in the CR group (p = 0.30). The anatomical axis was À3°± 3°in the anterior-stabilized group and À4°± 3°in the CR group (p = 0.98). We also found no difference in progressive radiolucent lines (p = 0.99) or loosening (p = 0.36) between the groups.
There were no differences in nonsurgical complications between the groups (p = 0.92) or in manipulations under anesthesia to treat knee stiffness (p = 0.76) ( Table 3 ). There was one reoperation in the anterior-stabilized group for arthroscopic débridement of a loose body and one in the CR group (p = 0.21), which was irrigation and débridement for infection.
The log-rank analysis demonstrated significantly better survival at 5 years in the anterior-stabilized group (97% = anterior-stabilized, 88% = CR, p = 0.01) ( Fig. 1 ). There were significantly more revisions in the CR group (n = 21) than the anterior-stabilized group (n = 7) (p = 0.03). There was no difference in septic failures between the groups (anterior-stabilized = 5, CR = 7, p = 0.67). However, there were significantly more aseptic failures in the CR group (n = 14) versus the anterior-stabilized group (n = 2) (p = 0.01). Instability (n = 6) was the primary reason for aseptic failure in the CR group, two of which were the result of PCL insufficiency at [ 2.5 years (Table 3 ).
Discussion
The hypothesis of this article was an anterior-stabilized bearing performs comparably to a CR bearing using a single femoral component. The debate regarding the optimal management of the PCL during primary TKA continues with options including cruciate retention, posterior substitution, or a deep-dished, highly conforming, ultracongruent anterior-stabilized design. Reported advantages of the anterior-stabilized design include ease of conversion from CR to PCL substitution, bone preservation, and the potential for improved wear characteristics resulting from the increased surface contact area and potentially decreased surface contact forces [8, 14] . Critics of anterior-stabilized bearings report their inability to restore normal knee kinematics and the potential to create a kinematic conflict [4, 5] . Few, although generally favorable, clinical outcomes have been reported in the literature with the use of the anterior-stabilized bearing designs [1, 8, 10, 14, 16] . We sought to compare anterior-stabilized TKAs with the cruciateretaining approach, in terms of KSS, radiographic results, the frequency of complications (in particular manipulations for knee stiffness), revisions, and survival. We found comparable knee scores between the groups but better survival in the anterior-stabilized TKAs than in the CR knees.
This study has limitations inherent to a retrospective review. First is the issue of selection bias. The decision to use a CR versus anterior-stabilized bearing was made during surgery by the senior author (CLP), and although the assignment of patients into groups was made based on subjective evaluation of the competence of the PCL, there could potentially be other criteria used during the intraoperative decision-making process. The second limitation is the nonquantifiable nature of the soft tissue balancing protocol used for all knees in this study. The bearing choice was dependent on the senior surgeon's interpretation of PCL integrity. If the PCL was found to be too lax, allowing subluxation with posterior stress, the anterior-stabilized bearing would be selected. Alternatively, if the PCL is found to be too tight/scarred and causing excessive femoral rollback during flexion, then it was sacrificed to ensure a better flexion profile. Although this was not a randomized selection of patients, we did review a consecutive series of all patients with greater than 2-year followup. It would not be possible to randomize this surgical procedure because the decision is based on the individual patient's anatomy and stability. Even given this limitation, we had a remarkably even distribution between the two groups (49% versus 51%).
The third limitation is that although we included failures before minimum 2-year followup, we did not fully analyze the other patients with less than 2-year followup. However, our sample of patients with greater than 2-year followup provided a balanced sample of knees with anterior-stabilized and CR bearings. A post hoc power analysis (set at 80% power, alpha = 0.05) demonstrated 55% power for improvement in KSS (80% power would have required 417 knees in each group) and 5% power for complications (80% power would have required 9875 knees in each group to detect a difference of 0.2%). However, we had 100% power to detect a difference in radiographic loosening and revision rates between the two groups. We found comparable knee scores and radiographic results between anterior-stabilized and CR TKAs. Hofmann et al. [8] retrospectively reviewed 53 primary and 47 revision PCL-substituting TKAs using an anterior-stabilized polyethylene insert with a mean 60-month followup period and compared their results with 100 age-and sexmatched patients who received TKA with a CR design. They found no significant difference between the two groups in regard to the modified Hospital for Special Surgery score or ROM. Laskin et al. [10] found favorable outcomes with the use of an anterior-stabilized bearing design in a prospectively randomized trial of 176 patients with osteoarthritis using either a posterior-stabilized bearing or a deep-dished, anterior-stabilized tibial bearing after PCL sacrifice and found no statistically significant difference in ROM, ascending or descending stairs, pain, KSS, or stability. Additionally, Sathappan et al. [14] retrospectively reviewed 114 TKAs using an anterior-stabilized bearing with a mean 8.3-year followup and demonstrated significantly improved ROM, WOMAC scores, and KSS [14] . Scott et al. reported similar clinical outcomes and no differences in the incidence of radiolucent lines when comparing anterior-stabilized inserts with posterior-lipped inserts. The fluoroscopic and kinematic arguments may in fact be moot as a result of the excellent clinical and radiographic outcomes achieved using anterior-stabilized bearings. At the present time, the literature suggests comparable clinical outcomes scores in patients receiving anterior-stabilized bearings during TKA [1, 8, 10, 14, 16] .
We found no differences in the frequency of complications between the two groups, but we did identify that CR knees underwent revisions more frequently than did the anterior-stabilized TKAs, mainly related to instability. Hofmann et al. [8] found a similar higher incidence of revisions related to instability (five knees) in the CR group compared with no revisions resulting from instability in the anterior-stabilized group (zero knees). Sathappan et al. [14] similarly demonstrated good implant survival of 95% at 10 years with the use of an anterior-stabilized bearing design. In our study, revision TKA in the CR group was performed at a rate three times as often compared with the anteriorstabilized group (p = 0.03), and instability was the most common cause of revision in the CR group. Although this may illustrate a concern with the use of a CR bearing, it also suggests that the anterior-stabilized bearing affords adequate clinical stability in the setting of a deficient or absent PCL.
Although the debate over the optimal method of management of the PCL continues, we found comparable knee scores, radiographic findings, and fewer revisions with the use of an anterior-stabilized bearing when compared with a CR design. Because our study did not investigate potential longer-term issues such as polyethylene wear and detailed kinematic or functional analyses such as quadriceps force during stairclimbing, we are uncomfortable recommending the sole use of anterior-stabilized bearings based only on the results of this study. Anterior-stabilized bearings are attractive because they can be used with a CR femoral component design, enabling intraoperative flexibility to balance the knee without the need to make additional cuts or change the femoral component. Additionally, there is no need to cut a box in the femur to accept a PCL-substituting post, thus preserving femoral bone stock.
